complete and had low agreement with professional recommendations. Conclusion: Our findings document the rapid growth in the availability of health-related DTC genetic tests and highlight the need to improve the delivery of DTC genetic tests. A major implication of this study is the need for the scientific and medical community to develop consistent recommendations to increase their impact. Copyright © 2008 S. Karger AG, Basel Direct-to-consumer (DTC) genetic testing is the sale and use of genetic tests without the involvement of a health care provider. This activity has recently gained the attention of many professional organizations [1] [2] [3] . Some of the concerns fueling the growing debate about DTC genetic tests [4] [5] [6] [7] are the perception of rapid increases in their availability over the Internet and the sale of questionable products that have received widespread atten-
tion in the popular media [8, 9] . In addition, investigations on the impact of DTC advertisements of pharmaceuticals and medical products suggest that such advertisements may be more harmful than beneficial to consumers [10] [11] [12] [13] .
Although anecdotal evidence suggests that the concerns raised may be valid in at least some instances, systematic research is needed to document the extent of the problem and the areas requiring particular scrutiny. In 2003 Gollust and coworkers [14] provided the most current assessment of health-related DTC genetic tests; these investigators identified 14 distinct health-related genetic testing products. The recent recommendations published in the ASHG policy statement [3] provide an important tool or yardstick to measure the performance of these tests and provide valuable and much-needed information about their delivery. In addition, an evaluation of DTC genetic tests in the context of recommended practices will inform us about the extent to which current recommendations are followed, if they exist, and it will provide insight into the comprehensiveness and utility of available recommendations.
To inform the public policy debate surrounding these tests, we collected observations on Web sites offering health-related DTC genetic tests to assess the content, quality, and quantity of DTC advertising and sale of health-related genetic tests. We examined to what extent current practices adhere to related professional recommendations or federal regulatory requirements. To document this adherence, we evaluated the content of 5 Web sites that distributed a genetic test for assessment of the risk of thrombosis. This subset was selected because the genetic tests were relatively uniform in terms of the genes and polymorphisms that were included as part of the test, and therefore could be more accurately compared with each other. We evaluated practices such as providing preand post-test counseling, laboratory accreditations, methods of reporting test results, privacy policies, and cost. We compared indications for testing, presentation of risks and benefits, and the limitations of testing with existing practice recommendations from professional organizations for risk of thrombosis.
Material and Methods

Resources Used to Identify Health-Related DTC Genetic Tests
To identify health-related genetic tests that were sold DTC (vs. advertised DTC) ( table 1 ), we used 3 sources of information: the scientific literature, gray literature, and professional contacts. We used PubMed to identify sources through the scientific literature using key search terms including direct to consumer and direct access in combination with terms such as DNA/gene/genetic/test/ testing . To search the gray literature, we followed the strategy of Gollust and colleagues [14] by employing Google to identify genetic tests sold DTC; we used key search terms including genetics or DNA and test or testing combined with home, kit, disease , or service . Because so many documents (over a million) were identified by this method, we reviewed only a subset of those documents (approximately the first few 100 at the top of the list), which is a limitation of our study. This search yielded news articles, Web sites maintained by consumer advocacy groups, diagnostic manufacturer, laboratory, or test distributor Web sites, and scientific articles. Documents were read to extract potential novel healthrelated DTC genetic tests. Based on a report by Chin et al. [15] , we also used Lexis-Nexis (www.lexisnexis.com) which they deemed high-utility or very productive in identifying genetic tests. Finally, we solicited information from professional contacts. These searches were conducted in spring 2007.
Definition of Health-Related DTC Genetic Tests
Using the sources identified above, we applied several definitions, conventions, and criteria to compile a final list of healthrelated DTC genetic tests. First, we used the definition of genetic test developed by the Secretary's Advisory Committee on Genetic Testing (SACGT): 'A genetic test is an analysis performed on human DNA, RNA, genes, and/or chromosomes to detect heritable or acquired genotypes, mutations, phenotypes, or karyotypes that cause or are likely to cause a specific disease or condition. A genetic test also is the analysis of human proteins and certain metabolites, which are predominantly used to detect heritable or acquired genotypes, mutations, or phenotypes' [16] .
Thus, a genetic test could refer to an inherited or a somatic genetic alteration, and it could include a test that detects the alteration using either molecular or biochemical biomarkers in the assay. Furthermore, it could be a test of a single alteration, or it could refer to a panel of markers within the same gene or in different genes. We designated a genetic test as health related if its purpose was to predict risk of disease, screen for disease, direct clinical management, identify carriers, or establish prenatal diagnoses, clinical diagnoses, or prognoses in individual people or families.
We designated a genetic test as available DTC if we were able to identify an online mechanism to order the test (e.g., Web site, phone number or address, or a form to be printed and faxed or mailed) by consumers in the US without the involvement of a health care professional. We excluded all instances where the test was not yet available, where the Web site link no longer existed (as of May 2007), and where we could not determine how to order the test. Our search criteria were specifically designed to exclude tests sold through some other mechanism (e.g., drugstore, grocery store, spa, exercise facility, or catalog), but not available for sale over the Internet. Each element we identified was a unique combination of a test distributor (i.e., a company providing a Web site where the test could be purchased) and a health-related DTC genetic test. Thus, a test that was offered by more than one distributor was included more than once. If a test distributor offered more than one genetic test that could be ordered individually or in a bundle, we included only the individual tests and did not include the bundle separately. We did not include companies that manufactured a test but did not provide a method to directly order the 
Evaluation of Web Site Practices
Previous reports of laboratory practices in the area of genetic testing, especially those including questions about DTC services and quality of reporting, were used as a starting point to develop survey questions [17] [18] [19] . We created data collection forms to systematically abstract information from each Web site. Two abstractors (K.G., J.R.) independently collected data via the data collection forms using the information provided on each Web site. The information from the data collection forms was coded (typically as present or absent) and entered into an electronic file, and it was compared for consistency across abstractors. Items that were inconsistent were resolved through discussion with a third evaluator (C.M.). Our report of company practices refers to companies by code only. Data collection was approved by the human research protection offices at the Centers for Disease Control (CDC) as public health practice (and not research) after review for determination of research status.
Identification of Recommended Practices and Guidelines
We used several published and professional sources to establish 2 sets of criteria for the analysis of the practices of test distributors. Because there are no definitive standards of practice for DTC genetic testing, the first set of criteria was based on a group of published recommendations: ASHG (American Society of Human Genetics) recommendations, ACMG (American College of Medical Genetics) recommendations [1] , a position statement of DTC genetic testing from the National Society of Genetic Counselors (NSGC) [2] , and a publication by Reich and coworkers [20] that specifically addresses recommendations for counseling for inherited thrombophilia in the traditional medical framework. In the absence of publications from the Food and Drug Administration (FDA) and Federal Trade Commission (FTC) explicitly relating to regulation of DTC genetic testing, we considered publications on broadcast [21] or print [22, 23] advertisements aimed directly to consumers for prescription medications or for dietary supplements [24] . We also considered a FTC fact sheet on DTC genetic testing, although these recommendations were consumer-oriented rather than company-oriented [25] . From these sources, we identified 13 potential practices (Set 1) for healthrelated DTC genetic test distributors (we should note that no single source recommends all 13 practices) ( table 2 ). Because this set of practices was subjective, we used a minimal set of 7 practices (Set 2) as the second set of criteria ( table 2 ). The practices in Set 2 were identified as (1) typical requirements for disclosure of information, according to FDA regulations on DTC print advertisements for prescription medications [22, 23] or for dietary supplements [24] , and (2) practices that were observed for at least 4 of the 5 test distributors evaluated in our analysis. Further details regarding the practices recommended by these organizations are provided in supplementary table 1 (for online supplementary material, see www.karger.com/doi/10.1159/000176794) and table 3 .
In the context of genetic tests for thrombophilias (tests that relate genetic variations to blood clotting disorders), 2 consensusbased recommendations (vs. evidence-based recommendations) outline accepted indications for testing, one published by the ACMG [26] and the other presented at the College of American Pathologists (CAP) Consensus Conference XXXVI [27] . These recommendations, in addition to other statements by the ACMG [1, 26] , provided direction on accepted indications for testing, risks and benefits of testing, and reporting guidelines.
Statistical Analysis
Data was coded and tabulated, and inter-rater agreement was assessed by computing the proportion agreement and kappa statistics using SAS (SAS Institute, Cary, N.C., USA). a Recommendations in the FTC fact sheet were consumer-oriented rather than company-oriented.
Results
Scan for Health-Related DTC Genetic Tests
We identified 84 instances of health-related DTC genetic tests that were being sold on 27 distinct test distributor Web sites as of August 2007 ( table 1 ) . These instances corresponded to 53 unique tests, because some were sold by more than one distributor. Each Web site contained between 1 and 15 health-related DTC genetic testing products. These estimates should be considered a lower bound on the number of currently available healthrelated DTC genetic tests, as although we carefully confirmed each observed instance, our scans could have missed some sites.
Most of the test distributors were located in the US, with 3 from Canada, the United Kingdom, and Australia (online supplementary table 2). The most common healthrelated DTC genetic tests were for pharmacogenomics (tests that relate genetic variations to the response to drugs) (12) , thrombosis (tests that relate genetic variations to clotting disorders) (10), nutrigenomics (tests using information on diet, lifestyle, and genetics to inform recom- a Set 1 practices identified from recommendations including the ASHG policy statement, the NSGC position statement, the ACMG policy statement, FTC recommendations for DTC advertisements, and a publication by Reich and co-workers [20] .
b Set 2 practices are defined as (1) required by FTC recommendations for DTC advertisements or (2) practices used by most test distributors.
c We assessed whether there was a statement that a CLIA certified laboratory was used, but we could not confirm these statements.
mendations on changes in behaviors, diet, or specific nutritional supplements) (10), fetal sex (5), and hereditary hemochromatosis (5). Prices ranged from USD 90 to 5,400.
About one-third of health-related DTC genetic tests were offered in both the DTC and typical clinical settings. Tests offered in both settings include those for pediatric conditions (such as Tay-Sachs disease, fragile X syndrome, and cystic fibrosis) and for chronic disorders (such as BRCA1/2 testing for risk of breast or ovarian cancer, HER2 testing for recurrence of breast cancer, thrombosis risk, and hereditary hemochromatosis). In contrast, the majority ( ϳ 66%) of the tests was offered primarily outside the framework of traditional clinical medicine and included genetic tests such as prediction of fetal sex, dermagenetics (tests using genetic information to inform recommendations on skin care products), nutrigenomics, and prediction of smoking cessation.
Survey of Company Practices
Company practices were evaluated for only a subset of health-related genetic tests that included those for thrombosis risk. This subset was selected because (1) the genetic tests were relatively uniform in terms of the genes and polymorphisms that were included as part of the test, (2) there are existing professional recommendations regarding their use, and (3) thrombosis risk is a potentially serious and life-threatening condition. These factors improve our ability to compare the company practices with each other. Thrombosis is a multifactorial disease with both genetic and acquired risk factors. The factor V Leiden (R506Q) mutation (OMIM (Online Mendelian Inheritance in Man): 227400), associated with increased resistance to the anticoagulant effects of activated protein C, is the most common prothrombotic variant. About 5% of Caucasians are carriers, and the increase in risk for venous thromboembolism is 3-8% and 50-80% for heterozygous and homozygous carriers, respectively [28, 29] . Anecdotally, the genetic test for the factor V Leiden mutation is one of the tests most commonly ordered by clinicians. A G-to-A transition at position 20210 of the prothrombin gene (OMIM: 176930), present in 2-3% of Caucasians, is associated with elevation in blood prothrombin concentrations and with a 3-fold increased risk for venous thromboembolism [30] . Some studies have demonstrated that polymorphisms in other genes in coagulation pathways, including the methylenetetrahydrofolate reductase (MTHFR) C677T mutation (OMIM: 607093), are associated with small elevations in risk of thrombosis [31] .
The 10 tests for risk of thrombosis that were offered in the DTC setting were relatively homogeneous, including 7 tests for the same mutation, factor V Leiden (R506Q). The other 3 tests included evaluation of prothrombin (G20210A), the factor V R2 (H1299R or A4070G) mutation, and MTHFR (C677T) ( table 4 ). The 10 tests were offered DTC by 6 different companies ( table 1 ) . One of the tests (and companies) was eliminated from further consideration because the information provided on the Web site was inadequate to include in this analysis and we did not receive a response to an e-mail query for more information.
The test distributors that we evaluated generally used fewer than 9 of the 13 practices in Set 1, ranging between 3 and 8 ( table 3 ) . The practices least likely to be used were (1) disclosure of the risks and limitations of testing and (2) information on the clinical validity of the test. The practices in Set 2 contain disclosures typically required by the FDA for products other than genetic tests (in the absence of FDA guidance explicitly for DTC genetic tests), including risks and benefits of testing and 'adequate provision … for dissemination of the approved or permitted package labeling', such as referral to a physician for more information. Furthermore, the FDA typically requires 'fair balance' in the portrayal of risks and benefits of the product. Of the 7 practices in Set 2, only company B im- b American College of Medical Genetics consensus recommendation published in Grody et al. [26] . c College of American Pathologists consensus recommendation published in Press et al. [27] . d S = Testing should be performed; M = testing may be considered; -= the indication was not specifically mentioned. e The wording of the recommendation specified a 'strong family history', which was not defined.
plemented all 7 ( table 3 ) , with the other companies implementing between 3 and 6. Only company B provided information on both risks and benefits of testing. Information on test limitations and information on clinical validity were the least likely practices to be implemented. We note that this information is also frequently unavailable for genetic tests that are marketed to providers. We evaluated the presence or absence of particular practices on the Web sites, but that does not speak to the accuracy of the information provided. Therefore, we evaluated the accuracy of information provided on the sites on indications for testing, risks, and benefits by using published guidance documents for these tests. The 2 professional organizations (ACMG, CAP) had good agreement for the recommended indications for testing (proportion agreement = 0.73) ( table 5 ). In contrast, the company Web sites demonstrated relatively poor agreement with the recommended indications from the professional organizations. In general, the Web sites used simplified language that tended to broaden the class of persons for whom testing was indicated. Some examples of this pattern include 'individuals with any family member with venous thromboembolism (VTE)' (from the Web site) vs. 'relatives of individuals with venous thrombosis under age 50' (from the recommendation), or 'women with premature MI' (myocardial infarction) (from the Web site) vs. 'female smokers younger than age 50 years with a MI or stroke' (from the recommendation), or 'a personal history of VTE' (from the Web site) vs. 'a first VTE before age 50 years' (from Table 6 [26] . c College of American Pathologists consensus recommendation published in Press et al. [27] . d + = The risk or benefit was specifically mentioned; -= the risk or benefit was not mentioned.
the recommendation). In some instances, the Web sites provided little or no guidance about who should receive testing (e.g., companies A and E), and in 3 out of 5 instances there was no overlap between the recommended indications from the professional organizations and the indications from the Web sites. Company C included only 3 of the 19 indications from the professional recommendations, and it included 10 additional indications that were not in the professional recommendations. Overall, company B had the highest agreement with the recommended indications of testing (proportion agreement = 0.6 with ACMG and 0.7 with CAP). We note, however, that the indications for testing were difficult for us to find on this Web site, which might be a point for a future study. We found strong agreement between the ACMG and CAP recommendations on the risks and benefits of testing (proportion agreement = 0.81) ( table 6 ). Three of the distributors, however, did not mention any risks and benefits of testing, and only one (company B) mentioned risks and benefits that overlapped with the professional recommendations. We should note that in some instances the differences in the portrayal of benefits and risks may be related to the DTC delivery mode, as the focus of the professional recommendations is the traditional delivery of genetics services through medical settings. For example, the DTC Web sites emphasized having 'greater control over your health care' and making 'lifestyle changes', which do not depend on interaction with a physician. In other instances, however, the benefits of testing mentioned by the distributor may be misleading, such as 'provide you with tools to live a longer, healthier life. ' The lack of initial classification agreement between 2 independent raters in some categories could suggest that in many instances the information provided by the distributors was not clear or easy to find, or could indicate a need to further define the criteria ( table 7 ) . There was good agreement ( 1 0.8) in the initial classification for disclosure of the genes and polymorphisms tested ( table 4 ), for the indications of testing ( table 5 ) , and for the benefits of testing identified by professional organizations ( table 6 ). In contrast, the initial classification by the 2 raters had poor agreement ( ! 0.8) for the risks and benefits identified on the Web sites and for the risks identified by the professional organizations ( table 6 ). The level of inter-rater agreement depended on the response category. For the indications for testing ( table 5 ), the proportion agreement was lowest when testing might be indicated (category M in the table). For the risks and benefits of testing ( table 6 ), the proportion agreement was lowest in the 'yes' category (+ in the table), indicating that when statements of risks and benefits were present, they were not always clear, while it was clear when statements on risks and benefits were absent. All of the information reported in the tables reflects the consensus after review of the discrepancies by the 2 raters and a third evaluator. Table 3 because there were different response categories for each line in the table. b Y = Yes; S = should; N = no; M = maybe; NA = not available; -= the indication was not specifically mentioned.
Discussion
Our results clearly demonstrate that the number of health-related DTC genetic tests is increasing at a fast pace, similar to the expansion of DTC advertising for other medical products. The availability of health-related DTC genetic tests grew from 14 tests in 2003 [14] to 84 instances (or 53 unique tests) as of August 2007. These results are not the whole story, however. Our study was restricted to health-related DTC genetic tests that were currently available, but we identified numerous products that were in the pipeline as well as products that were previously available but are no longer sold DTC (data not shown). In addition, our scans may have been incomplete, because the wealth of information on the Internet made it difficult to exhaustively search and identify these products. Finally, our analysis was restricted to healthrelated tests, while non-health-related genetic-based products may, in fact, represent the majority of DTC genetic testing that is currently available [14] . Nevertheless, our findings represent at least 53 well-documented examples of health-related DTC genetic testing products, and there could be more.
This study was also designed to evaluate the quality of information provided on the Web sites of test distributors. Compared to professional recommendations for DTC marketing of genetic tests, the information provided by the majority of distributors of thrombosis testing was either not present or uniquely different. All of the Web sites used fewer than half of the 13 practices in Set 1 identified from guidance documents by professional organizations, and only one company used all 7 practices in Set 2 (i.e., practices either typically required by the FDA or used by 4 or more Web sites). In addition, the presentation of indications for testing and of risks and benefits of testing did not generally agree with existing recommendations. The indications for testing on the Web sites tended to overstate the need for testing when viewed against the consensus-based recommendations, and most Web sites were silent regarding the risks and benefits of testing. Unfortunately, where these issues were addressed, there was not much overlap with the risks and benefits identified in the recommendations. This latter result may be at least partially explained by the DTC focus of the Web sites, which contrasts with the focus of the recommendations on the traditional medical genetics model. These results indicate discrepancies between the recommendations and current practice for some health-related DTC genetic tests, and they highlight potential problems that need further clarification by the professional or federal organizations that conduct oversight activities.
In the absence of regulation of DTC genetic testing, mechanisms for oversight are important for establishing good practices in this area, such as the recently published ASHG policy statement on DTC genetic testing [3] . However, existing policy statements by professional organizations express a variety of opinions, ranging from banning all DTC genetic testing to requiring federal regulation of all such testing. These differences may reflect the diverse perspectives of the respective organizations that have proposed such recommendations. For example, ACMG's statement places a greater emphasis on requiring pre-and post-test counseling and referrals to genetics professionals. Because of this lack of consensus, we evaluated 2 sets of criteria ( table 2 ) and found generally low compliance with both sets among the test distributors we evaluated. A recent report by the Secretary's Advisory Committee on Genetics, Health, and Society (SACGHS) identified several gaps in existing oversight of genetic tests [32] . These recommendations include requiring proficiency testing for all non-waived laboratory tests for which materials are available to address the issue of analytic validity, that a mandatory, publicly available registry of laboratory tests should exist, that the FDA should address all laboratory tests, that a research agenda should be developed to address the issue of clinical utility, and that the educational needs of health professionals should be met, including the development of clinical decision support tools.
We should approach the interpretation of this study with caution for several reasons. First, the requirements for the type of information that should by provided by DTC genetic test distributors are not well defined, and indeed, the various professional recommendations on DTC genetic testing are inconsistent. Although we used several resources to identify recommended practices, the sets of criteria are subjective, maybe incomplete, and do not represent the view of any one organization. Second, in the case of risk for thrombosis in particular, the published recommendations are not based on a systematic review of the evidence and, instead, are based on consensus conferences and expert opinion (although a substantial literature review was included to develop the recommendations). Moreover, the recommendations may have preceded the era of DTC genetic testing to some extent, and they may not have carefully addressed all of the issues (especially risks and benefits) that are specific to the DTC mode of delivery. Therefore, the answer in terms of indications for testing, and risks, benefits, and limita-tions of testing remains an open question. A final concern is that the practices of only a few DTC genetic test distributors were observed, and generalization to other Web sites or products may not be appropriate. However, these distributors tended to offer more tests (mean = 8.2; median = 5) than all 27 distributors identified in our search considered as a group (mean = 1.7; median = 1) and, as such, may represent the more established and experienced distributors.
A major implication of this study is the need to generate greater consensus within the scientific and medical community on recommendations to increase the impact of and compliance with the recommendations. Consensus recommendations may need to incorporate a broader range of stakeholders representing diverse perspectives. However, even if recommendations for DTC genetic testing were very clearly delineated today, implementation of such guidelines is still a problem. Until the evidence base for the validity and utility of genetic tests is well established and in the public domain, it will not be possible to ensure the accuracy of claims made about health-related DTC genetic testing products.
Achieving these goals will require greater investment in translation research for genetic discoveries in general [33] and better reporting mechanisms to include such information in the public domain. Evaluation and synthesis of the body of evidence supporting each genetic test will be critical given the lack of formal regulation and the inconsistent application of informal review for DTC genetic tests (e.g., by professional organizations, health insurers, expert opinion, consensus conference, or individual physicians) [34] . The complexity of the information means that such analyses need to be provided in a userfriendly format for both health professionals and consumers. Although neutral, respected groups already exist to commission systematic evidence-based reviews and assess the quality of evidence, such as the US Preventive Services Task Force (USPSTF) or the Evaluation of Genomic Applications in Practice and Prevention (EGAPP) Working Group, these processes are non-regulatory, and given their limited resources, they must prioritize the review of the existing genetic tests. Development of clinical recommendations, whether evidence-based or expert/ consensus, should consider potential differences in the balance of benefits and harms (clinical utility) based on the mode of test delivery. For example, access to interventions following testing may differ depending on whether the test is conducted in a clinical setting or in a DTC setting.
In summary, the field of health-related DTC genetic testing is rapidly growing. Until now, there has been very little concrete data on compliance with recommended practices for DTC genetic testing. As this example illustrates, measuring and maintaining compliance with recommended practices is complicated by inconsistent recommendations from professional organizations. Establishing greater agreement in recommendations could lead to a greater responsibility to comply with those recommendations and improvement in the oversight of DTC genetic testing. Our findings highlight the urgent need for oversight, for greater consensus in recommendations for health-related DTC genetic tests, for greater responsibility on the part of DTC companies to comply with recommended practices, and for the development of improved resources for health care providers and consumers to assess existing tests.
